Modulation of alternative splicing of adenoviral E1A transcripts: factors involved in the early-to-late transition.
The E1A pre-mRNA of adenovirus is spliced into three mRNA species (13S, 12S, and 9S mRNAs) by the use of three alternative 5'-splice sites. The 13S and 9S mRNAs predominate during the early and late periods of infection, respectively. With HeLa nuclear extracts isolated in early and late periods of infection, we were able to reproduce a 13S-9S modulation that resembles that occurring in infected cells. An in vitro analysis of the cis-acting parameters involved in the 13S-9S switch indicates that the 13S mRNA splicing inhibition is one of the first events of the late period and leads to the subsequent stimulation of the 9S mRNA reaction. The new abilities of the late nuclear extract for the 9S mRNA reaction were also confirmed by analyzing splicing of a major late transcript containing leaders 1 and 2 separated by the wild-type intervening sequence (IVS) of 1021 nucleotides. Complementation experiments show that the trans-acting factor(s) are micrococcal nuclease sensitive. They were partially characterized by induction experiments, and we show that the primary factors responsible for the 13S-9S modulation in vitro are viral RNAs of high molecular weight that accumulate late in infection. We postulate that the splicing modulation of E1A pre-mRNA results from an indirect mode of action for these viral RNAs, based on a sequestration of common splicing factors that are not present in vast excess in HeLa cells.